The effect of D. hansenii inoculation in dry fermented sausages with fat and/or salt 29 reductions was studied in terms of lipolysis, lipid oxidation, volatile compounds 30 production and sensory analysis. The aroma of the identified volatile compounds was 31 evaluated by olfactometry analysis while overall aroma perception was evaluated by 32 sensory descriptive profiling. Salt reduction in dry sausages increased lipolysis and 33 contributed to a high oxidation rate and rancid aroma generation while fat reduction 34 
Introduction 47
The reduction of salt and saturated fat in meat products is one key point for the 48 meat industry due to dietetic recommendations from the World Health Organization 49 (WHO/ FAO, 2003) as they may be associated with cardiovascular diseases. In dry 50 fermented sausages, fat and salt are two essential ingredients in the development of 51 aroma, a crucial sensory attribute. Fat plays an important role in aroma release and 52 generates lipid derived compounds such as aldehydes, ketones, alcohols (Olivares, 53
Navarro & Flores, 2011) while salt controls biochemical and enzymatic key reactions 54 necessary for flavour development in addition to its contribution to the salting out effect 55 (Corral, Salvador & Flores, 2013) . 56
Several authors have studied the effect of fat reduction on volatile compounds 57 and aroma although inconsistent findings have been reported. While, Muguerza, Fista, 58
Ansorena, Astiasarán & Bloukas,et al. (2003) observed a high oxidation level and 59 amount of total volatile compounds in low fat sausages, Olivares et al. (2011) reported 60 a low oxidation and aroma acceptability. On the other hand, low fat sausages are 61 generally perceived too salty due to the relatively large amount of moisture release; 62 therefore, a salt reduction of 20-25 % is recommended in low fat dry sausages (Wirth, 63 Analyses of variance (ANOVA) were performed for FFAs, TBARS and volatile 186 compounds to elucidate the differences among samples. Differences between 187 particular sample means were analysed according to Fisher's least significant 188 difference (LSD) test. To check panel performance for each aroma descriptor, a two 189 factor analysis of variance (ANOVA) was done (assessors and samples and their 190 interaction as factors). In addition, principal component analysis (PCA) was performed 191 to evaluate the relationships among aroma descriptors and different parameters (FFAs, 192 TBARS and volatile compounds) among sausages. The sensory aroma intensities 193 were used as parameters and aroma compounds abundance, FFA and TBARS value 194 as supplementary variables. All statistical analyses were performed using the statistic 195 software XLSTAT 2011) (v5.01) (Addinsolft, Barcelona, Spain) . 196 197
Results 198
The chemical composition and microbiology analysis of the seven sausage 199 batches previously reported (Corral et al., 2014a) dominance of the yeast inoculated in the sausages was confirmed (Corral et al. 2014a) . 203 Table 1 shows the levels of FFA at the end of the ripening process. Initially, no 205 differences in total FFA concentration were observed among batches and levels of 206 9 batch (RS) had a higher (p<0.05) SFA level than control batch (C) as also was 214 observed in fat and salt reduced batch (RF+RS). In inoculated batches, RS+Y and 215 RF+Y, a higher release of total FFA than in the C batch was observed mainly due to 216 the increase in SFA and MUFA. However, this effect was not detected when both 217 reductions (RS+RF+Y) were carried out together. In summary, the effect of D. hansenii 218 yeast inoculation produced a significant increase of the lipolysis in RF+Y batch in 219 contrast to the FFA detected in the RF batch. 220
Lipolysis and lipid oxidation 204

Regarding lipid oxidation, TBARS values increased throughout the ripening 221
process from an initial value of 0.4 to 1.7-2.5 mg MDA/kg dm (Table 1) . No differences 222
in TBARS values among batches were observed at the beginning of process (data not 223 shown). At the end of the process, salt reduced batches (RS, RF+RS) showed the 224 highest (p<0.05) lipid oxidation values. In contrast, the presence of the yeast produced 225 a decrease of the TBARS values in RS+Y and RF+Y batches in comparison to their 226 respective uninoculated batches although it was only significant in RF+Y batch. 227
Volatile compounds 228
The SPME headspace composition cannot be compared with other studies in 229 which other SPME fibres or other extraction techniques have been used as it depends 230 those originated from carbohydrate fermentation and amino acid degradation reactions 241 which represented 15-55 % and 11-43% of the total extracted area, respectively. 242
In general, volatile compounds originated from lipid autooxidation reactions 243 were mainly affected by salt reduction and D. hansenii inoculation (Table 2) . Among 244 the uninoculated batches, salt reduced batch (RS) showed the highest HS abundance 245 of the main lipid autoxidation volatile compounds, especially the significant increase of 246 hexanal. Other linear aldehydes such as pentanal and nonanal also showed a highest 247 HS abundance. On the other hand, fat reduction affected few lipid autooxidation volatile 248 compounds. Only 1-propanol, octanoic and decanoic acid showed a higher HS 249 abundance in the RF batch while propanoic acid had a lower HS abundance than in the 250 C batch. When both reductions were carried out together, several volatile compounds 251 were also generated in higher abundance than in the C batch. Among inoculated 252 batches, a significant increase in some volatile compounds was observed in all batches, 253 such as propanal, 1-propanol, 2-methylfuran, 2-pentylfuran, hexanoic acid, 2-ethyl-1-254 hexanol and decanoic acid. However, the effect of D. hansenii inoculation was 255 significant in the RS+Y batch as it partly inhibited the lipid oxidation by decreasing the 256 concentration of many of the aldehydes observed in the RS batch. In addition, the 257 reduction observed in hexanal abundance was significant. 258
Volatile compounds coming from lipid β-oxidation were also affected by salt 259 reduction and D. hansenii inoculation in salt reduced batches. Salt reduced 260 uninoculated batches (RS and RF+RS) were characterized by a high abundance of 2-261 nonanone, 1-octen-3-ol, 3-pentanone and 2-undecanone. The effect of D. hansenii was 262 significant in the RS+Y batch as reduced the abundance of 3-pentanone, 4-heptanone, 263 2-heptanone and 1-octen-3-ol indicating a decrease in the lipid β-oxidation reactions. 264
Regarding the volatiles originated from carbohydrate fermentation reactions, 265 they were affected by the different formulations. Uninoculated salt reduced batches 266 (RS and RF+RS) had the lowest abundance of acetic acid, 3-hydroxy-2-butanone, 2,3-267 butanediol and butanoic acid (Table 2 ). In contrast, the RF batch showed the highestabundance of acetic acid, 2,3-butanediol and butanoic acid. The effect of the 269 inoculated D. hansenii was significant as it produced the highest ethanol and 270 acetaldehyde abundance whilst a significant reduction of 2,3-butanedione, acetic acid, 271 3-hydroxy-2-butanone, 2,3-butanediol and butanoic acid was observed in all inoculated 272
batches. 273
With respect to volatile compounds originated from amino acid degradation 274 reactions, the most abundant compound was 3-methyl-1-butanol. In general, these 275 compounds were mainly affected by fat reduction and D. hansenii inoculation ( Table 2) . 276
Uninoculated fat reduced batches (RF and RF+RS) were characterized by the highest 277 abundance of branched alcohols (2 and 3-methyl-1-butanol), in addition to a high 278 abundance of branched acids (2-methylpropanoic and 2-and 3-methylbutanoic acids) 279 and sulphur compounds (3-thiophenethiol, 3-methylthiopropanol, and benzothizole) in 280 RF+RS batch. However, salt reduction (RS batch) produced a decrease in the 281 abundance of several compounds (2-methyl-3-buten-2-ol, 2-methyl-1-propanol, 3-282 methyl-3-buten-1-ol, 3-methyl-1-butanol, methylpyrazine, 2,6-dimethylpyrazine and 283 benzyl alcohol) while other compounds were increased (2-acetyl-1-pyrroline, 3-284 methlythiopropanal, benzaldehyde and benzene acetaldehyde). The effect of D. 285 hansenii was significant as observed by the highest HS abundance of methyl branched 286 aldehydes, acids and sulphur compounds in all inoculated batches. 287
Ester compounds originated from microbial activity were affected by 288 reformulation and D. hansenii inoculation. When fat and salt reductions were carried 289 out together (RF+RS) the highest significant abundance of many ester compounds was 290 observed, while salt reduction (RS) only increased ethyl hexanoate and fat reduction 291 (RF) augmented ethyl acetate, butyl acetate and ethyl octanoate abundance (Table 2) . 292
In contrast, inoculation of D. hansenii produced a significant increase of many ethyl 293 ester compounds in all the inoculated batches being characterized by the high increase 294 of ethyl 2-hydroxypropanoate and in lowest proportion of ethyl 2-methyl and 3-295 methylbutanoate. 296 Several compounds from unknown or contaminant origin were identified, being 297 the most abundant carbon disulphide. While the highest abundance of this compound 298 was observed in the RF+RS batch, no effect due to yeast inoculation was detected. 299
An olfactometry analysis performed to determine which volatile compounds 300 contributed to sausage aroma detected twenty-seven aroma active zones although five 301 of them were not identified (Table 3 ). In addition to the green notes produced by lipid 302 oxidation derived compounds, it was important the contribution of compounds derived 303 from amino acid degradation and ester activity that contributed to toasted-savoury and 304 fruity notes respectively. The abundance of these aroma compounds in the dry 305 sausage batches was represented in figure 1. The reformulation produced a significant 306 effect. Salt reduction (RS) produced the highest abundance of aroma compounds 307 derived from lipid autooxidation and β-oxidation and the lowest from carbohydrate 308 fermentation reactions. Fat reduction (RF) increased the aroma compounds derived 309 from carbohydrate fermentation reactions. In contrast, when both reductions (RF+RS) 310 were carried out together, an increase in all the aroma compounds from the different 311 origins was observed except from carbohydrate fermentation and unknown origins. The 312 effect of D. hansenii was significant as produced the highest abundance of aroma 313 compounds derived from amino acid degradation, ester activity and unknown 314 compounds and the lowest of carbohydrate fermentation aroma compounds ( Figure 1) . 315
In addition, yeast inoculation reduced significantly the aroma compounds derived from 316 lipid autooxidation and β-oxidation reactions in the salt reduced batch (RS+Y) that were 317 highly increased in the uninoculated batch (RS). 318 319
Sensory analysis 320
In order to study the effect of reformulation and yeast inoculation on the 321 perception of sausage aroma an aroma profile analysis was carried out (figure 2). The 322 effect of yeast inoculation was compared against the control sausage for each 323 reformulation; RF (figure 2A), RS (figures 2B) and RF+RS (figure 2C). Fat reduction didnot affect the aroma perception but the inoculation of D. hansenii significantly 325 increased the perception of fruity and cured aromas ( Figure 2A ). Moreover, salt 326 reduction did not affect the aroma perception but the inoculation of D. hansenii 327 significantly increased the perception of stable and cured aromas and although rancid 328 aroma was increased it was not significant ( Figure 2B ). Finally, when both reductions 329 were done together a higher intensity of cured and fruity aroma was perceived in 330 inoculated and uninoculated batches than in the control sausages ( Figure 2C) . 331 332
Discussion 333
The reformulation of fermented sausages in terms of fat and salt reduction 334 produced important changes in aroma compounds and aroma perception. First, salt 335 reduction produced an increment in lipolysis, TBARS and aroma compounds derived 336 from lipid autooxidation and β-oxidation reactions (Corral et al., 2013) . This fact 337 indicated that lipolysis was affected by salt content (Molly, Demeyer, Civera & 338 Verplaaetse 1996; Toldrá, 1992) whereas the highest generation of SFA and MUFA 339 pointed out an activation of the lipase activities in the salt reduced sausages (Stahnke, 340 1995 ). An opposite effect, activation of muscle acid lipase activity by salt, had been 341 previously reported (Motilva & Toldrá, 1993) . In addition to this, a positive correlation 342 between the lipid oxidation value (TBARS) and hexanal abundance in salt reduced 343 sausages was found (r = 0.82) (Olivares et al. 2011) . Therefore, salt reduction in dry 344 sausages increased lipolysis and contributed to a high oxidation rate and rancid aroma 345
generation. 346
On the other hand, the small fat reduction achieved (10-16%) had a limited 347 impact on lypolisis, TBARS values and aroma compounds derived from lipid oxidation 348 reactions. Even though an increase in aroma compounds derived from carbohydrate 349 fermentation was detected (Olivares et al., 2011) . In contrast, when salt and fat 350 reductions were carried out together not only lipolysis and lipid oxidation values were 351 increased but also many of the aroma compounds. The highest abundance of volatilecompounds coming from amino acid degradation reactions could be related to the 353 largest proportion of lean meat in these sausages (Olivares et al., 2011) . In addition, 354 the highest abundance of ester compounds could be due to the interaction of the fat 355 and salt reduction effects, on microbial activity. Previously, a weak effect of fat or salt 356 content on sausage microbiota was reported (Ravyts, Steen, Goemaere, Paelinck, De 357
Vuyst & Leroy, 2010) probably due to the limitation of the analysis performed using 358 static headspace that did not allowed the detection of ester compounds in the 359
sausages. 360
In relation to the effect of D. hansenii on dry sausages, a significant increase in 361 lipolysis was detected (Table 1) The most notable effect of D. hansenii was observed in the generation of 376 volatile compounds derived from amino acid degradation and ester activities. In 377 inoculated sausages, a clear catabolism of branched amino acids yielded α-keto acids 378 (2-methylpropanoic, 2 and 3-methlbutanoic) which were descarboxylated to branchedto corresponding branched alcohol (2-methyl-1-propanol, 2 and 3-methyl-1-butanol and 381 3-methyl-2-buten-1-ol) by means of Ehrlich pathway (Durá, Flores & Toldrá, 2004b) . acids and alcohols such as ethanol which was found in the highest abundance. 394
In order to understand the interrelationships between aroma perception and 395 the chemical parameters analyzed (aroma active compounds, FFA and oxidation index 396 TBARS) in the dry sausages, a principal component analysis was performed ( figure 3) . 397
The PCA biplot described 75.3% of the variability by the two first principal components. 398 PC1 is the most important variable in terms of differences among sausages because it 399 accounts for 51.3% of the total variability while PC2 accounts for 24.0% of the 400 0.03 AU: Abundance units, the result of counting the total ion chromatogram (TIC) for each compound. A Linear retention index (LRI) of the compounds eluted from the GC-MS using a DB-624 column capillary column (30m x 0.25mm i.d. x 1.4µm film thickness). B Different letters in the same row of each group (uninoculated and inoculated) indicate significant differences at p<0.05 among batches. Different numbers superscript indicate significant differences at p<0.05 between uninoculated and inoculated samples within the same reformulation. C Target ion used to quantify the compound when the peak was not completely resolved. D Tentatively identification by mass spectrum. 
